Performance Evaluation of Two General Circulation Models for Downscaling Average Temperature in
Birjand County

Mohammad Fouladi Nasrabad, Mahdi Amirabadizadeh, Mahdi Dastourani”
Department of Water Sciences and Engineering, Faculty of Agriculture, University of Birjand, Birjand, Iran
*Corresponding author: mehdi840561@gmail.com

(Received: 17 October 2023 Revised: 10 December 2023 Accepted: 14 January 2024)

Extended abstract
Introduction: Climate change has a significant impact on water resources and the environment, which is reflected in

agriculture, society, and economy. The use of General Circulation Models (GCMs) with downscaling models is a method
for assessing climate change. Considering the placement of South Khorasan Province and the city of Birjand in the arid
region of Iran, population growth, industrial and mining development, and the pursuit of sustainable agriculture, it is
essential to assess the effects of climate change on essential meteorological parameters. The objective of this study is to
compare the performance of historical models NCEP and ECMWF in downscaling temperature parameters for the
Birjand County and investigate the changes in this parameter until 2030 using the top model and the SSP245 scenario
with the CanESM5 model.

Materials and Methods: In this research, to compare the performance of two GCMs, NCEP and ECMWF, in
downscaling temperature parameters, daily temperature data from the Birjand synoptic station for the period from 1990
to 2021 were used as the baseline period. Additionally, to evaluate the performance of these two GCMs, the statistical
downscaling model SDSM was utilized. To assess the performance of these two models, evaluation criteria such as NS,
KGE, RMSE, and BR? were employed.

Results and Discussion: To investigate and compare the performance of two GCMs, NCEP and ECMWF, daily average
temperature data from the Birjand synoptic station were used from the January 1990 to the September 2021. The data
from 1990 to the January 2008 were considered for calibration, and data from the January 2008 to the September 2015
were used for validation. Both NCEP and ECMWF models had 26 parameters, and for downscaling, the parameters with
the highest correlation with observed temperature were selected among these 26 parameters using the R software and
the HydroGof package. Additionally, evaluation criteria such as NS, RMSE, KGE, and BR? were used to assess the
models' performance in calibration and validation sections. The closeness of variance and mean values of time series
generated by the NCEP and ECMWF models to the variance and mean values of observed time series in the entire
simulation period was examined using F and T tests. The results of the calibration section showed that the two models,
NCEP and ECMWF, exhibited similar performance since the values of evaluation criteria NS, RMSE, KGE, and BR?
for the ECMWF model were calculated as 0.69, 4.86, 0.85, and 0.7, respectively, and for the NCEP model, they were
0.70, 4.79, 0.85, and 0.7, respectively. Since box plots, mean values, and standard deviations have a high capability in
deciding the degree of dispersion and similarity between two time series, box plots, mean values, and standard deviations
of the generated time series and observed time series in the calibration and validation periods were used to assess the
similarity and closeness of the time series. The results of the evaluation criteria in the validation section showed that the
ECMWF model outperformed the NCEP model, with values of evaluation criteria NS, RMSE, KGE, and BR2 for the
ECMWF model being calculated as 0.69, 4.9, 0.85, and 0.73, respectively, and for the NCEP model, 0.67, 5.3, 0.83, and
0.7, respectively. Overall, the results indicated that the ECMWF model had a better performance and was selected as the
superior model. Therefore, to simulate and predict the average temperature parameter, the parameters mslp, P500, P5-f,
P5-u, P850, and P8-u from the ECMWF model were used. Consequently, it is predicted that the average temperature
will increase by approximately 3 degrees Celsius compared to the statistical baseline period in the next 8 years.
Conclusion: The results indicate that based on the evaluation criteria, the ECMWF model performs relatively better in
estimating the average temperature of Birjand County compared to the NCEP model. Moreover, the analysis of box
plots, mean values, and standard deviations of the generated time series in the calibration and validation sections showed
that both models produced similar patterns of dispersion, minimum, maximum, and mean values compared to the
observed time series. However, the ECMWF model exhibited relatively better performance in terms of mean and
variance values of the generated data on a monthly basis in the calibration and validation periods. As a result, the
ECMWF model was selected as the superior model for simulating and predicting the average temperature of Birjand
County for the years 2022 to 2030 under the SSP245 emission scenario using the CanESM5 model. The predicted results
indicate that the average temperature of Birjand County is expected to increase by approximately 3 degrees Celsius
compared to the statistical baseline period.
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Table 4- The results of the calibration of the two NCEP and ECMWF models in the simulation of the average
temperature parameter in the period from 1990 to 2008

RMSE NS KGE
ECMWEF 4.86 0.69 0.85
NCEP 4.79 0.7 0.85
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Figure 2- Box diagram and graphs of average changes and standard deviation of produced and observed time series in
the calibration period (1990 to 2008)
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Figure 3- The graph of the simulated values of the temperature parameter in the calibration section by the ECMWF
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Figure 4- Diagram of the simulated values of the temperature parameter in the calibration section by the NCEP
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Table 5- The results of the validation of NCEP and ECMWF models in the microscaling of the average temperature
parameter in the period of 2008 to 2015

RMSE BR? NS KGE
ECMWF 4.9 0.73 0.69 0.85
NCEP 5.03 0.7 0.67 0.83
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Figure 5- Box diagram and graphs of average changes and standard deviation of produced and observed time series in
the validation period (2008-2015)
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model
—*—Observation _jlaslie —*—Simulation s jle 4 =®—NMean_Year 4iVlw ;8.

35

30

25
=

= 20
- £
< E
3 £

s 15
g
[

-
=)

(1]
D

AR

08 Nov-08 Mar-09 Jul-09 Nov-09 Mar-10 Jul-10 Nov-10 Mar-11 Jul-11 Nov-11 Mar-12 Jul-12 Nov-12 Mar-13 Jul-13 Nov-13 Mar-14 Jun-14 Oct-14

olo
Month

NCEP Jow bwg (i jloiel iz 50 Lo yiolyly ool (gjlwaads polio jloges -V &
Figure 7- Diagram of the simulated values of the temperature parameter in the validation section by the NCEP model

-5

SLl Sp Jae Glyea gemeys g il (e
ot 9 Sileded jslatets amiiys 008 s
P5-F P500 MsIp (sl ol by 51 Laogio slos e
2235 ooliil ECMWF Jas P8-U 5 P850 P5-u

St 4 azg b5 0 Jpaz @ axg b nlnle
b oad adgs Gloj slags o (55, 52 48,5 50
o, liel (i 0 ECMWE g NCEP Jos g0

s,5las idu ol 59 ECMWF Jos CiS olg oo



iz o liw o 50 bawgie (sled (g5l wlidion; )0 weildlox (ceges 805 Jaw g0 0,Sles pw)p  FY

GY-YY Jlo 5l oads glwacis glos polie A S
A g sl | Yoy Jl

—e—Simulation jleas

30

25

L (€)
Temprature (c)
o 8

=
5

o
Oct-21 Mar-22 Aug-22 Jan-23 Jun-23 Nov-23 Apr-24 Sep-24 Feb-25 Jul-25 Dec-25 May-26 Oct-26 Mar-27 Aug-27 Dec-27 May-28 Oct-28 Mar-29 Aug-29 Jan-30 Jun-30 Nov-30

Yore JLo G YYY Jlo 5londs g3lwwliio sy slod polio- A JSi
Figure 8 - Downscaled temperature values from 2022 to 2030

Sl e bawgie sl Jlaie 5,61, ;0 NCEP
p3lie 48Tz )05 (5t 0y Shoe b a5y

BR2, KGE RMSE NS L3, Lo Lee
NS SINF PR 5 e s ECMWE Jo s jo
FIVA Y 5 5a  NCEP Jo o 05 +/V
Jo—e Gl (ool B o 5 1 IV g+ TAD
5 +IVY /RO F/A - [8] 5 54, ECMWF
o IAY DY 15V 3 e NCEP Jo s ;o
Lo )loged (o p pigred Wah duloe + /Y
S Jlere 3l Bl g (e o glaa
ot 5o Joae 90 lawgi oal 0 Jy Sloj sle
Joe 90 ;2 a8 ol i (i lel (ol
Wi g dipeS e ((SaSTy Gle L5
tel—ie oo oy slwosls Kl
g oo, S adg Slaalie Glojis 4 S
a—dgs glmosls il jls 9 (Sl Jlade ;L |
(i liel g (il o5l o ola e jd 0a
se 3l 1, gyt L 5, Sloe ECMWF o
Joe lsie 4 ECMWF Joce oyl by sols 48l
b gie cles (gl 5 5 sl , 3,
LYY gladlw ol jo oz i ol 0d
99yl o g Jae ol sl Wl L Ve Y.

bgte Glie 338os St A JSO 4 4y L
Slaz o ¥ lsgas Lialidl wan] Jlo A o3b 0 Lo

b asls g bl b 0,90 lawgie 4 G

:.’

SSas anylio g () jslaiean g5y
;> ECMWE g NCEP og—ac 55,5 Ja—s g0
Ol s Lo wgie gles el )l (g3l puliiias
3591 5 e Bl i i ()15 oo i
sl o3y o ol pd (ml lawgio (slood
sy ey iy Jaa L Ye¥e L5 YeYY
sy gy il o 2S5 ol
5 e wgie sled el )l (g5l w b —Boi,
13 9z e Sy oS ] (sl LSl
P YY) Jlw ool L VA slaJlw ojls
slaJlw a5 (g 9bay o eolaiwl aljy, wlie
gl 5 (mialy i lm Yo oA L5144
i o iyl i gl YA LYoo A
Jle o o, Slae oloj)l jetatoa s ga 23,8
P BR25 KGE RMSE NS L »,Lxe
i ah solaiwl i lael 5 iwly sla
Jo— a Ca Wb ECMWEF Jo o a5 ol L



VF- ¥ )LQH. A o)l.o..i'; g‘u)Le‘_? JLM.: ‘)_.:;ui le.:ao)'? (v:nl:> Co pde

Al
dles ol 8l S a S g an i Lol
28l

Sy9lp 5o aSobs lad heagh cnl @l M5 ek
ECMWF  Jow iz, olbaw s lawge gl
5 Ol 995 5l 6y 9,8 NCEP Jowo & o
Oeizee 3l (LiS (riwlions g (rimly la A
5Bl g 5aSileelabie cslaaz sl loged (cus)
Joe 590 by oad oy b Sloj (5w e

Como g ily slagise ,0 NCEP 3 ECMWF
5 stebie 0, Shae Jaw 90,8 a5 ol jlis o

olls 5 oeSiles e S 31 Ll ools (Las sy
> ,Slae ECMWE o cole j2 )0 oo adgi (slaools

Py doe pleie a oplplo g ools las 995 5l s e
1o b wdllas elulys lpls sys,§ bl

L ad)S Ohpe Gmpin opas,s ou (isu
33l ogo b alal, s SSP245 gl 5l esliel

o] BBl )0 wizpy i jgd 4 ad e Les
ssbiedy dgr dals> (glaz o ¥l vald oo
gloodls polie yr weldl seis S 53S0 o)y
30,5 0 Sty iz Ol s o ulidlse

D58 18 gy D550 b (S, Ol eg

References

Amirabadizadeh, M., Yaghoobzadeh, M.,
Hashemi, S. & khozaymehnezhad, H.
(2019). Assessment linear and data-driven
models in downscaling of precipitation and
temperature in South khorasan
Province. Journal of Meteorology and
Atmospheric  Science, 2(1), 68-82. (in
Persian)

Ansari Mahabadi, S., Massah Bavani, A. R. &

Bagheri, A. (2018). Improving adaptive

capacity of social-ecological system of
Tashk-Bakhtegan Lake Basin to climate
change effects — A methodology based on
Post-Modern Portfolio Theory.
Ecohydrology & Hydrobiology. 18(4), 365-

oL g obl pas goYg8

o oLl CanEcm5 oo SSP245 Lz
3— (2017) ),L_Ssa g Javanmard  Ghassab
ol Saeplae (i 2L b sdegh o
STIGGE oLl Slg> soos Lo Jos
Joea S ool Lid (55 9,5 a_bog>
5, Sloe NCEP Jos 4 e s ECMWF
ECMWF Jo_e 45 asiols oyl LysT ol (o e

Jo—e dm G ladilaine (gladai oLl 5o
iz el 315 (¢ gy 0 ,—SLos NCEP
L ECMWF Joas 4 ols lis Lagl s
S5 g5 ez plomlr sl o)
NCEP Jams s o slgr s00e sla oo

les a s ols lis sdos ol 0 a8 T &yeo
Y loga > iulidla im0 b wpd b wgie
2l glel Al 0)90 bawgie a o sl

s L ol cewss bt py—as ol )0
(2019) | ,L_San g Amirabadizadeh  yog3——
Lo aS jo5an Lidgim yo aSl> ol ciyllas
S e b e 45 SDSM Jas 5l ssli ol
Sl aS Waw ) Ao ol 4 nl oalds sl
Sl g5 50 2021-2049 o5 oo 58l
W¥low (Sa)b plie GhalS o i o

378.
https://doi.org/10.1016/j.ecohyd.2018.11.00
2

Ansari, S., Dehban, H., Zareian, M. &
Farokhnia, A. (2022). Investigation of
temperature and precipitation changes in the
Iran's basins in the next 20 years based on
the output of CMIP6 model. Iranian Water
Researches Journal, 16(1), 11-24.
https://doi.org/10.22034/iwrj.2022.11204.
(in Persian)

Chim, K., Tunnicliffe, J., Shamseldin, A. &
Chan, K. (2021). Identifying future climate
change and drought detection using
CanESM2 in the upper Siem Reap River,
Cambodia. Dynamics of Atmospheres and



iy Gl o 50 bawgie (sled (gilwwlidion; )0 weildlax seges (50,5 Jaw g0 0 Sles pw)p Y

Oceans. 94- 101182.

https://doi.org/10.1016/j.dynatmoce.2020.1
01182

Chai, T. & Draxler, R. R. (2014). Root mean
square error (RMSE) or mean absolute error
(MAE)?—Arguments  against  avoiding
RMSE in the literature. Geoscientific model
development, 7(3), 1247-1250.
https://doi.org/10.5194/gmd-7-1247-2014,
2014

Doulabian, S., Golian, S., Toosi, A. S. &
Murphy, C. (2021). Evaluating the effects of
climate change on precipitation and
temperature for Iran using RCP scenarios.
Journal of Water and Climate Change,
12(1), 166-184.
https://doi.org/10.2166/wcc.2020.114

Fallah-Ghalhari, G., Shakeri F. &
DadashiRoudbari, A. (2019). Impacts of
climate changes on the maximum and
minimum temperature in Iran. Theoretical
and Applied Climatology. 138(3-4), 1539-
1562. https://doi.org/10.1007/s00704-019-
02906-9

Golkar Hamzee Yazd, HR., Salehnia, N.,
Kolsoumi, S. & Hoogenboom, G., (2019).
Prediction of climate variables by
comparing the k-nearest neighbor method
and MIROC5 outputs in an arid
environment, Clim Res 77, 99-114.
https://doi.org/10.3354/cr01545

Gupta, H.V., Kling, H., Yilmaz, KK. &
Martinez, G.F. (2009). Decomposition of the
mean squared error and NSE performance
criteria:  Implications for improving
hydrological ~ modelling.  Journal  of

Hydrology, 377: 1. 80-91.

https://doi.org/10.1016/j.jhydrol.2009.08.00
3

IPBES. (2019).“Global Assessment Report on
Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services.”In,
edited by S. Diaz, J. Settele, E. S. Brondizio,
H. T. Ngo, M. Guéze,J. Agard, A. Arneth, P.
Balvanera, K. A. Brauman, S. H.
M.Butchart, K. M. A. Chan, L. A. Garibaldi,
K. Ichii, J. Liu, S. M.Subramanian, G. F.
Midgley, P. Miloslavich, Z. Molnar, D.
Obura, A. Pfaff, S. Polasky, A. Purvis, J.
Razzaque, B. Reyers,R. R. Chowdhury, Y. J.
Shin, 1. J. Visseren-Hamakers, K. J.Willis,
and C. N. Zayas, 56. Bonn: IPBES

Secretariat.
https://doi.org/10.5281/zenodo.3553579
IPCC (2012) Managing the Risks of Extreme
Events and Disasters to Advance Climate
Change Adaptation. A Special Report of
Working Groups | and Il of the
Intergovernmental Panel on Climate Change
[Field CB, Barros V, Stocker TF, Qin D,
Dokken DJ, Ebi KL, Mastrandrea MD,
Mach KJ, Plattner G-K, Allen SK, Tignor
M, Midgley PM (eds.)]. Cambridge

University Press, Cambridge.

Javaherian, MR., Ebeahimi, H. &
Amininezhad, B. (2021). Prediction of
changes in climatic parameters using
CanESM2 model based on Rcp scenarios
(case study): Lar dam basin. Ain Shams
Engineering Journal, 12(1), 445-454.
https://doi.org/10.1016/j.asej.2020.04.012

Jeong, D. I, Yu, B. & Cannon, A. J. (2023).
Climate change impacts on linkages
between atmospheric blocking and North
American winter cold spells in CanESM2
and CanESMB5. Climate Dynamics, 60(1-2),
477-491.  https://doi.org/10.1007/s00382-
022-06307-z

Kavwenje, S., Zhao, L., Chen, L. & Chaima, E.
(2022).  Projected  temperature  and
precipitation changes using the LARS-WG
statistical downscaling model in the Shire
River Basin, Malawi. International Journal
of Climatology, 42(1), 400-415.
https://doi.org/10.1002/joc.7250

Kim, YH., Min, SK., Zhang, X., Zwiers, F.,
Alexander, LV., Donat, MG. & Tung YS
(2016) Attribution of extreme temperature
changes during 1951-2010. Clim Dyn 46(5—

6), 1769-1782.

https://doi.org/10.1007/s00382-015-2674-2
Krause, P., Boyle, D. P. & Base, F. (2005).
Comparison of different efficiency criteria
for hydrological model assessment, Adv.

Geosci. 5, 89-97.

https://doi.org/10.5194/adgeo-5-89-2005

Mohammed, Z. M. & Hassan, W. H. (2022).
Climate change and the projection of future
temperature and precipitation in southern
Irag using a LARS-WG model. Modeling
Earth Systems and Environment, 1-14.
https://doi.org/10.1007/s40808-022-01358-
X

Naderi, S., Goodarzi, M. & Ghadami Dehno,
M., (2018). Effects of Climate Change on


https://doi.org/10.5281/zenodo.3553579

o

VEY Sl ) o,leds pylex Jlo sul slaoje> ael> Co o

Climate Parameters in Seymare Basin,
Iranian Journal of Watershed Management
Science and Engineering, 11(39), 69-76. (in
Persian)

Nash JE. & Sutclife, JV. (1970). River flow
forecasting through conceptual models part
I—A discussion of principles. J Hydrol
10(3), 282-290.
https://doi.org/10.1016/0022-
1694(70)90255-6

Ostad-Ali-Askari, K., Ghorbanizadeh Kharazi,
H., Shayannejad, M. & Zareian, M. J.
(2020). Effect of climate change on
precipitation patterns in an arid region using
GCM models: case study of Isfahan-Borkhar
Plain. Natural Hazards Review, 21(2),
04020006.
https://doi.org/10.1061/(ASCE)NH.1527-
6996.0000367

Rakhimova, M., Liu, T., Bissenbayeva, S.,
Mukanov, Y., Gafforov, K. S.,
Bekpergenova, Z. & Gulakhmadov, A.
(2020). Assessment of the impacts of
climate change and human activities on
runoff using climate elasticity method and
general circulation model (GCM) in the
Bugtyrma river Basin, Kazakhstan.
Sustainability. 12(12):4968.
https://doi.org/10.3390/su12124968

Razzaghian, H., Shahedi, K. & Habib nejad
roshan, M. (2017). Evaluation of the climate
change effect on Babol-rood watershed
runoff using IHACRES model. Irrigation
and Water Engineering, 7(2), 159-172. (in
Persian)

Reboita, M. S., Kuki, C. A. C., Marrafon, V. H.,
de Souza, C. A., Ferreira, G. W. S., Teodoro,
T. & Lima, J. W. M. (2022). South America
climate change revealed through climate
indices projected by GCMs and Eta-RCM
ensembles. Climate Dynamics. 58(1), 459-
485.  https://doi.org/10.1007/s00382-021-
05918-2

Sharafati A. Nabaei S. & Shahid S. (2020).
Spatial assessment of meteorological
drought features over different climate
regions in lIran. International Journal of
Climatology. 40(3), 1864-1884.
https://doi.org/10.1002/joc.6307

Steffen, W., K. Richardson, J. Rockstrém, S. E.
Cornell, I. Fetzer,E. M. Bennett, R. Biggs, S.
R. Carpenter, W. De Vries. & C. A. De Wit.
(2015).“Planetary  Boundaries:  Guiding

oL g obl pas goYg8

Human Development on a Changing
Planet.”Science347. 1259855.
https://doi.org/10.1126/science.1259855
Van Oldenborgh GJ, Mitchell-Larson E, Vecchi
GA, De Vries H, Vautard R. & Otto, F.
(2019) Cold waves are getting milder in the
northern midlatitudes. Environ Res Lett
14(11), 114004.

https://doi.org/10.1088/1748-9326/ab4867.

Venter, O., E. W. Sanderson, A. Magrach, J. R.
Allan, J. Beher, K. R. Jones, H. P.
Possingham, W. F. Laurance, P. Wood. & B.
M. Fekete. (2016).“Sixteen Years of Change
in the Global ECOLOGICAL
MONOGRAPHS35 of 37Terrestrial Human
Footprint and Implications for Biodiversity
Conservation.”Nature =~ Communications?,
1-11.
https://doi.org/10.1038/ncomms12558

Wilby, R. L. Dawson, C. W. and Barrow, E. M.
(2002). “SDSM-a Decision Support tool for
the assessment of regional Climate change
impacts”, J. Environmental Modeling and
Sothware, 17. 147-159.
https://doi.org/10.1016/S1364-
8152(01)00060-3

Yaghoobzadeh, M., Khashei, A., Ramazeni, Y.
& Hosseini, S. A. (2022). The selection of
the best from climate change model in the
estimation of climatology variables for east
region of the country by use fifth report
data. Journal of Arid Regions Geographic
Studies, 10(37), 68-78.
https://sid.ir/paper/381961/en (in Persian).

Zareian, M. (2022). Effects of Climate Change
on Temperature and Precipitation in Yazd

Province Based on Combined Output of
CMIP6 Models, Journal of Hydrology and

Soil Science, 26(2), 91-105.
http://jstnar.iut.ac.ir/article-1-4156-en.html
(in Persian)

Zarrin, A., dadashi-rodbari, A. & Salehabadi,
N. (2021). Projected temperature anomalies
and trends in different climate zones in Iran
based on CMIP6. Iranian Journal of

Geophysics, 15(1), 35-54. doi:
10.30499/ijg.2020.249997.1292. (in
Persian)


https://sid.ir/paper/381961/en
http://jstnar.iut.ac.ir/article-1-4156-en.html

